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SUMMARY AND CONCLUSIONS 
These experiments on the production of artificial farm manure 
show that a good grade of well-decomposed manure may be made 
by compo sting straw or corn stalks with certain chemicals, pro-
vided a sufficient supply of water is added to keep the compost 
heap moist. The addition of a proper amount of water is essen-
tial for the best decomposition of the materials and for the pro-
duction of the best grade of manure. 
Decomposition was found to proceed somewhat faster in the 
laboratory than in the open, probably because of the more even 
temperature. The addition of small amounts of soluble nitrogen 
hastened the decomposition process in the open and also under 
controlled conditions in the laboratory or greenhouse, but was 
more effective when applied to composts in the open. 
The results obtained in the greenhouse indicate that too much 
aeration may be very undesirable in the making of artificial ma-
nures, decreasing the decomposition processes and causing a con-
siderable loss in nitrogen. A certain degree of aeration, how-
ever, is very beneficial in the decomposition of various composts. 
A proper relationship between the amount of water and the aera-
tion must be established and maintained to secure the best re-
sults. 
Inoculation of composts with fresh manure, soil, or cultures of 
molds may speed up the decomposition process. The results of 
the experiments carried out along this line, however, as reported 
here, indicate that with an even temperature, optimum moisture 
conditions and the best aeration, decomposition of composts pre-
pared with various chemical reagents will proceed quite rapidly, 
and good artificial farm manures may be produced without any 
inoculation. 
It seems very desirable that some reagent supplying soluble 
nitrogen be employed in preparing composts from straw, corn 
stalks or other similar materials, in order to hasten the decompo-
sition processes, and permit of the earlier production of a well-
decomposed manure. Such a reagent will also increase the fer- . 
tilizing value of the manure produced because of the nitrogen 
added. Artificial farm manure may be produced by composting 
straw and such materials without the addition of any reagents, 
but the process proceeds much slower and the manure formed is 
of less value when applied to the soil. 
These experiments show that a satisfactory artificial farm ma-
nure cannot be produced under average Iowa conditions without 
the addition of water. The average rainfall in Iowa will not pro-
vide sufficient moisture for optimum decomposition in the com-
posts, nor for the production of a good grade of manure. For 
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the production of artificial farm manures from oats straw, the 
addition of 800 to 1,000 gallons of water per ton of straw is prob-
ably the best, giving most nearly optimum conditions of moisture, 
air and temperature in the compost. 
The method suggested in Missouri for composting by the use 
of a mechanical mixer attached to the thresher proved satisfac-
tory, saving much time and labor in the preparation of the com-
posts. The method involves little expense and is easily followed. 
When artificial farm manures are to be made on a large scale, 
it would certainly be desirable to follow the Missouri method. 
The tests with various chemicals indicate that any of the re-
agents used may be employed to advantage in preparing artifi-
cial manures. The maintenance of proper moisture and air con-
ditions in the composts is apparently more important than minor 
variations in the reagents used, provided, of course, that they 
contain a satisfactory source of soluble nitrogen. 
In general the experiments which have been carried out in the 
open indicate that the production of artificial farm manure from 
straw or corn stalks is feasible on Iowa farms, provided the farm-
er is willing to spend the necessary amount of time and effort in 
preparing the composts. The expense involved need not be large, 
but, obviously, it will vary considerably according to the particu-
lar farm conditions and the equipment available. The cost of 
production must be kept at a minimum or the manure produced 
will not give profitable results. The practice of making artificial 
farm manure cannot be recommended for general farm use, but 
where conditions are favorable and the facilities are available at 
little cost, artificial farm manure may be produced which will 
be equal in value to farm manure and will serve to supplement 
the inadequate supply of that important fertilizing material. 
The Production of Artificial Farm 
Manures 
By F. B. SMITH, W. H. STEVENSON, AND P. E. BROWN 
The value of farm manure as a fertilizer has long been known, 
and the importance of its use in all systems of permanent soil fer-
tility is generally recognized. Unfortunately, however, the sup-
ply of manure on most farms is usually quite inadequate to meet 
the needs of all the land. Hence, there is always keen interest in 
the production of any material which may supplement or replace 
manure, and especially if natural, ordinarily waste products of 
the farm, such as straw and corn stalks, are thus utilized. 
Farmers in all parts of the world, especially market gardeners 
and truck farmers, have long practiced composting in the at-
tempt to secure a substitute for farm manure. Straw, leaves and 
refuse of various sorts, as well as stable manure, have been used 
for the purpose. An interesting old practice in one of the east-
ern states consisted of making compost heaps of leaves and grass, 
fish and marl. These materials were placed in layers until a heap 
four or five feet high was formed. After being allowed to decom-
pose during the fall and winter, the compost was ready for use in 
the spring. The value of all such composts, when applied to the 
land, has been recognized to be extremely variable, depending 
upon the materials employed and the extent to which decomposi-
tion has taken place. In general the practice of composting has 
been limited, and on the larger, general farms it is unknown. 
Hutchinson and Richards (11) in England were the first to 
develop a really practical method for the production of an artifi-
cial farm manure. They treated alternate layers of straw with 
ammonium sulfate and limestone, making heaps 10 feet square 
and five feet high for each ton of straw. Water was added in suffi-
cient amounts to bring about thoro decomposition of the straw in 
a minimum period of time. The process was later improved by 
the use of a phosphate with the ammonium sulfate and lime. It 
was patented and is now controlled in this country by the Ameri-
can Adco Company. This company sells a reagent known as 
Adco and furnishes complete directions for the making of artifi-
cial manure. 
This work in England aroused some interest and attention in 
this country, and several attempts have been made to produce a 
satisfactory manure by the English method, or by some modifi-
cation of this method. Experiments were begun at the Iowa 
Agricultural Experiment Station in 1925, to study methods for 
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the production of artificial farm manure from straw and other 
farm materials and to determine the relative effects on soils and 
crops of the artificial manures produced compared with farm 
manure. Preliminary results secured in the greenhouse and 
laboratory, using various composts, have been reported (4). The 
work described in the following pages was planned to determine 
the most efficient reagent to be used in making artificial farm 
manure, the best source of nitrogen to be employed in the re-
agent, the most -practical method of composting, the materials 
which may serve for composting on the general farm and the 
amount of water required for optimum decomposition in the com-
post heaps. 
HISTORICAL 
An organism which would decompose cellulose was isolated 
from the soil in 1919 by Hutchinson and Clayton (10). It was 
found to cause a rapid decomposition of straw when soluble nitro-
gen, air and moisture were supplied. Russell (16) noted that 
when proper conditions were provided in a straw stack, the straw 
would be broken down to a black, sticky material which bore a 
striking resemblance to ordinary farm manure. It differed only 
in chemical composition, containing very small amounts of phos-
phorus and potassium, constituents which are of considerable im-
portance in farm manure. Russell studied the factors which are 
of importance in the production of artificial manures, including 
the air supply, the food supply for the decay bacteria, the tem-
perature and the concentration of soluble nitrogen in the reagent. 
He later (17) reported the results of extensive experiments on 
the production of artificial manure. The material was found to 
be not quite so effective in increasing crop yields as a good grade 
of farm manure. 
Ayyar (3) noted that the fermentation of a compost of paddy 
straw and calcium cyanamid was practically complete after 69 
days. The resulting material was soft, brownish-black and re-
sembled well-rotted farm manure. 
Scott (18) obtained about 180 tons of manure from 70 tons 
of straw, using the Adco process. Wheat straw, oats straw, barley 
straw and grass were compared. 
Mundy (13) made artificial manure from corn stalks by the 
Adco process. 
McLean (12) prepared an artificial manure from salt marsh 
hay by the Adco process. He concluded that a good manure can 
be made by this process. 
Prescott and Piper (14) found that an artificial manure made 
by composting straw for six months had a very similar effect on 
potatoes to that brought about by farm manure. 
Albrecht (1) used 150 pounds of a mixture of 45 percent of 
ammonium sulfate, 40 percent of limestone and 15 percent of 
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superphosphate per ton of straw. He applied the chemicals to 
the straw as it came from the separator at threshing time, using 
a mechanical mixer attached to the separator. No water was 
added, but flat piles of straw were made to permit maximum re-
tention of the rainfall. During two seasons of high rainfall, a 
good grade of strawy manure was produced by November or De-
cember. About three tons of manure were produced for each ton 
of straw, at a cost of less than 85 cents per ton. 
Halversen and Torgerson (8) produced a satisfactory artifi-
cial manure from straw at a cost, under local conditions, of about 
80 cents per ton. They tested several nitrogen compounds in 
varying amounts in the composts and concluded that from 0.5 to 
0.75 percent of nitrogen as ammonium sulfate gave the best re-
sults. 
Ames (2) composted corn stalks with Adco and with ammon-
ium sulfate, using 500 and 700 gallons of water per ton of stalks. 
The artificial manures were analyzed, and it was found that some-
what larger losses of fertilizing constituents occurred in the Adco 
compost than in the sulfate of ammonia compost. 
Collison and Conn (6) made artificial manure from straw by 
the Adco process and with a mixture of salts, consisting of 60 
pounds of ammonium sulfate, 50 pounds of limestone, 30 pounds 
of superphosphate and 25 pounds of muriate of potash per ton 
of straw. By both methods the straw was rotted in about three 
months, to a point where no injurious effect was note-d on the 
growth of plants when the material was applied to the soiL It 
was found that the rainfall did not furnish a sufficient amount 
of water to provide for optimum decomposition and the produc-
tion of a good grade of manure. The conclusion was drawn that 
the large amount of water required, the labor involved and the 
total cost of production made the process impractical for average 
farm conditions in New York state. 
EXPERIMENTAL 
The experiments on the production of artificial farm manure 
which have been carried out during the past five years at the 
Iowa Agricultural Experiment Station will be discussed in the 
following pages. Results will be presented showing the effects 
of various reagents on the decomposition process, as indicated by 
the composition of the product and by the production of carbon 
dioxide, the effect of aeration and varying the moisture content 
. on the composition of the compost and on the temperature, the 
effect of inoculation of the composts on the decomposition pro-
cess, and the influence of various mixtures and methods of com-
posting on the composts produced under farm conditions in 1927-
1928 and 1928-1929. 
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1. THE USE OF DIFFERENT REAGENTS IN COMPOSTS AND 
THEIR EFFECT ON THE DECOMPOSITION OF THE STRAW 
The main reason for the use of a chemical reagent in the prep-
aration of composts of straw is to supply available nitrogen which 
is essential for the growth and action of the organisms bringing 
about the decomposition of the straw. The efficiency of any re-
agent and, hence, the desirability of its use is determined largely 
by the availability of the nitrogen which it contains. Many nitro-
genous materials might be employed in the reagents added to the 
straw. The points which should be considered in selecting a 
nitrogen compound and in determining the mixture of materials 
to use in any reagent are its effect on the rate of decomposition, 
the quality of the final product, the degree of decomposition, the 
cost of the reagent and the ease with which the various con-
stituents may be obtained locally. 
In the following experiments various reagents were used in 
composts* of oats straw. The rate and extent of the decomposi-
tion and the quality of the artificial manure produced were deter-
mined. 
Oats straw, alone and with different chemical reagents, 
was composted for four months, as described below, after which 
it was dried, weighed and ground for analysis. Since more than 
82 percent of the straw used consisted of pentosans, cellulose and 
lignins, the disappearance of these constituents and the increase 
in nitro"gen were taken as a measure of the degree of decomposi-
tion and of the quality of the compost. 
Three hundred grams of the straw, which were ground to pass 
a one-half inch · sieve, were treated in four-liter Erlenmeyer 
flasks as follows: 
No. I-Straw-uncomposted 
No.2-Straw alone composted-check 
No. 3-0.6 percent Nitrogen as Adco 
No. 4-0.6 percent Nitrogen as Reagent No.1 
No. 5-0.6 percent Nitrogen as Reagent No.2 
No. 6-0.6 percent Nitrogen as Cyanamid 
Reagent No.1 consisted of a mixture of 45 percent of ammon-
ium sulfate, 23 percent of rock phosphate (ground to pass a 200-
mesh sieve) and 32 percent of finely ground limestone. Reagent 
No.2 was composed of 45 percent of ammonium sulfate, 15 per-
cent of superphosphate (16 percent P205) and 40 percent of 
finely ground limestone (1). The composts were brought up to 
a 300 percent moisture content and incubated at 25 degrees C. 
for four months. 
At the conclusion of the incubation period, the loss in weight, 
the pentosan, cellulose, lignin and total nitrogen content were 
determined. The procedure outlined by Fred and Waksman (7) 
was followed in the determination of pentosans and lignins. The 
.The tenn compost is used to refer to artificial manures produced in the labora-
tory and greenhouse under control conditions as well as to those produced in the open. 
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cellulose was determined by the method of Cross and Bevan. The 
total nitrogen was determined by the Kjeldahl-Gunning method. 
The results of the analyses are given in table 1. 
The greatest loss in dry weight occurred in the compost 
treated with Adco and with reagent No.2. About 59 percent 
was lost in each case. In compost No.6, in which cyanamid 
was used, there was a loss of 45.6 percent in dry weight; in com-
post No.4, treated with reagent No.1, the loss was 41 percent 
and the untreated straw showed a loss of 10 percent. 
The pentosan content of the Adco manure was 2.24 percent 
compared with 16.50 percent in the straw composted alone and 
with 19.27 percent in the uncomposted straw. Compost No. 4 
showed a pentosan content of 3.01 percent, No.5, 3.32 percent, 
and No.6, 3.73 percent. The differences in the various com-
posts were small, indicating that the pentosans in the straw were 
very largely destroyed with each of the reagents used. 
The cellulose content of the Adco manure was 4.78 percent, a 
compared with 21.50 percent in the straw composted alone and 
with 36.16 percent in the original straw. In the other composts 
the cellulose content was low compared with the untreated straw 
but was slightly higher than that in the Adco manure. A con-
siderable destruction of this constituent of straw under the in-
fluence of the various reagents is shown. 
The Adco manure contained 8.20 percent lignins, as compared 
with 26.68 percent in the original straw and 14.50 percent in 
the straw composted alone. The other manures all showed lower 
percentages of lignins than the check but higher than the Adoo 
compost. The least decomposition of the lignins occurred in com-
post No.6, in which cyanamid was used. 
The percentage differences in the pentosan, cellulose and 
lignin content of the composts made with the various reagents 
were not very large, but it seems that the Adco reagent was some-
what superior to the other mixtures in bringing about decom-
position of the straw. If analyses had been made at intervals 
thruout the incubation period, greater differences between the 
effects of the various reagents would probably have appeared at 
certain stages in the decomposition. . 
There was the largest percentage of total nitrogen (3.21) in 
the cyanamid manure, while the compost treated with reagen t 
No.2 had the lowest percentage among all the treated composts . 
The composted straw showed a content of 1.34 percent. The 
Adco manure contained 2.93 percent and the compost treatoo 
. with reagent No.1, 2.98 percent total nitrogen. All the reagen s 
appreciably increased the nitrogen in the composts. 
These figures as a whole show that under optimum condition s 
of temperature and moisture about two tons of manure, contain-
ing 80 percent of moisture, may be produced from one ton f 
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oats straw by the use of the Adco reagent, or reagent No.2. The 
Adco manure contained a slightly higher content of nitrogen and 
showed a somewhat greater decomposition in four months. The 
other reagents were not quite so effective. 
II. THE EFFECT OF DIFFERENT REAGENTS ON THE RATE OF 
DECOMPOSITION OF OATS STRAW AS MEASURED BY CAR-
BON DIOXIDE PRODUCTION, NITROGEN LOSS AND COMPO-
SITION OF THE ARTIFICIAL MANURE PRODUCED. 
In this experiment a study was made of the rate of decomposi-
tion of oats straw when composted with two different reagents, 
in an attempt to determine the efficiency of the reagents. The 
carbon dioxide production served as a measure of the rate of de-
composition and the loss in nitrogen, loss in weight and composi-
tion of the manure produced after four months incubation, 
served as a check on the extent of the decomposition. 
Two and one-half pounds of oats straw cut into one-half to 
one-inch lengths were placed in five-gallon, wide-mouth bottles 
(9). Compost No.1 was untreated and served as a check. Com-
post No.2 was treated with the commercial reagent, Adco, using 
an amount sufficient to supply 0.6 percent of nitrogen. Com-
post No.3 received 0.6 percent of nitrogen in a mixture of' salts, 
referred to above as reagent No. 1. The moisture content of each 
compost was adjusted to 330 percent. The bottles were then con-
nected in a gas train, as shown in fig. 1. The air supplied to the 
composts was washed in concentrated sulfuric acid, soda lime, 50 
percent potassium hydroxide and finally bubbled thru 10 percent 
sulfuric acid to adjust the moisture content. The carbon dioxide 
evolved was absorbed in standard barium hydroxide in the Truog 
tower and determined titrametrically. The composts were as-
pirated continuously at the rate of five liters per hour, the rate 
of aspiration being adjusted by means of flow-meters. The com-
posts were incubated at room temperature for four months. 
Fig. 1. An apparatus for measuring the rate of decomposition of straw: A. Gas 
meter; B, Cone. P.'oso.; C, Soda-lime; D , 50% KOH; E, 50% KOH; F, 10% H , S04 ; 
G, Compost; H, Truog absorption tower; I, Standard HCI.; J, Trap; K , Flow meter; 
L, Trap; M. Suction pump_ 
175 
TABLE I. THE EFFECT OF VARIOUS REAGENTS ON THE DECOMPOSITION 
OF OATS STRAW AS MEASURED BY THE LOSS IN WEIGHT AND THE 
COMPOSITION OF THE MANURE PRODUCED . 
Per- P er- P er- P er-
Compost centage centage centage P er- centage 
N o. :085 dry lle. nto~ cp.l!l1- centage tota l ni-
weight sans lose lignins trogen 
------------
1 Stra w- uncompos ted - 19.27 36.16 26 . 68 1.00 
2 Stra w- composted (check) 10 . 0 16 .50 21.50 14 . . 50 1.34 
3 StrRw-Adco reagen t 59 . 1 2.24 4 . 78 8.20 2 . 93 
4 Stra w-reagent N o. 1 41.0 3.01 6.65 9.20 2 . 98 
5 Straw-reagent N o.2 58 . 8 3 . 32 6.05 10 . 00 2 . 62 
6 Straw-cyanamid 45 .6 3 . 73 7.00 10.60 3.21 
Oct1'bon Dioxide pj·oduction. 
The experiment was begun Feb. 1, and an attempt was made 
to determine the total amount of carbon dioxide produced. The 
amount produced, however, during the first 15 days was so large, 
amounting to 0.426, 0.414 and 0.458 grams per day for com-
posts 1, 2 and 3, respectively, that this method was abandoned. 
After Feb. 15 the amount of carbon dioxide evolved in 30-minute 
periods was drawn out thru a side tube, aspiration being pro-
vided at the rate of five liters of air per hour. The determina-
tions were made at about the same time each day The relative 
carbon dioxide production by the various composts, according 
to this method, the determinations being made at one, two, three, 
four, five or six-day intervals, is shown in table II. 
The production of' carbon dioxide in compost No.2, in which 
the Adco reagent was used, was low during the first two weeks 
of the experiment, lower, in fact, than in the check. On Feb. 14, 
it was still low compared with the amounts produced in the other 
composts. This was probably due to a sterilizing effect of the 
reagent . However, on Feb. 16, the amount of carbon dioxide 
produced in this compost increased to more than 400 mgm., a 
much greater amount than was produced in the check or in com-
post No.3. A similarly large production occurred during the 
following seven days, after. which time there was a decrease to 
about the same amount as was produced in the other composts. 
The amount of carbon dioxide evolved from all the composts de-
creased gradually after Feb. 23 thruout the remainder of the 
incubation period, altho after April 5 or April 8 the production 
changed only slightly. 
The production of carbon dioxide in the compost treated with 
reagent No. 1 was slightly greater during the first two weeks 
than that in the check or in the compost treated with the Adco 
reagent. Thru the next week it increased about the same as in 
the check, averaging only slightly higher than the check. Dur-
ing the r emainder of the period, the decreases were similar to 
those occurring in the check. It is believed that some of the 
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TABLE II. THE PRODUCTION OF CARBON DIOXIDE 
FROM ARTIFICIAL MANURES. 
Mgm. carbon dioxide evolved 
Date 
Straw comp08ted Straw Adco Straw reagent 
check reagent No.1 
February 15 258 182 234 
February 16 264 436 275 
February 17 245 452 221 
February 18 240 430 282 
February 19 248 440 284 
February 20 284 440 293 
February 21 279 487 302 
February 23 302 431 319 
February 28 230 322 247 
March 1 262 245 248 
March 3 259 240 273 
March 4 223 286 260 
March 10 199 183 222 
March 11 210 193 186 
March 12 271 211 223 
March 13 209 137 180 
March 14 223 126 232 
March 15 182 131 148 
March 16 19.5 134 160 
March 17 199 192 193 
March 18 176 161 161 
March 19 173 175 162 
March 20 192 169 159 
March 21 230 189 165 
March 23 202 140 106 
March 25 205 160 157 
March 27 147 175 147 
March 29 118 133 III 
April 1 139 159 125 
April 3 174 160 110 
April 5 130 146 50 
April 8 96 158 72 
April 10 76 52 37 
April 13 131 274 112 
April 15 71 54 26 
April 17 50 65 44 
April 19 70 94 35 
April 22 60 55 48 
April 26 123 101 81 
May 1 96 101 67 
May 3 91 355 58 
May 7 102 112 61 
May 9 59 57 61 
May 11 85 92 69 
May 13 84 87 71 
May 15 113 96 66 
May 20 85 53 49 
May 22 55 37 40 
May 25 78 77 78 
May 29 103 77 83 
May 31 91 82 94 
Average 164 . 4 187 . 1 146 . 8 
carbon dioxide produl-led in this compost may have been formed 
as a result of a reaction between the ammonium sulfate and the 
calcium carbonate in the reagent. 
The Adco reagent seemed to depress the decomposition for a 
short period, but later it brought about a rapid decay of the 
straw. The compost in which this reagent was used showed a 
higher average production of carbon dioxide for the entire period 
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than was brought about in the check, or in compost No.3, in 
which reagent No.1 was employed. The average production with 
the Jatter reagent was lower than in the check. 
Loss of Nitrogen as Ammonia 
The amount of nitrogen lost as ammonia from the various 
composts was determined at irregular intervals during the incu-
bation, by absorption in standard acid. The results are presented 
in table III. 
The loss of nitrogen in the form of ammonia began one week 
after the experiment was started, and at all later dates when 
tests were made there was a greater loss from the treated com-
posts than from the untreated straw. Beginning on Feb. 17 and 
continuing over the incubation period, there was a much greater 
loss from the compost treated with reagent No.1 than from the 
compost treated with Adco. The loss from the latter compost 
was slightly greater than from the check. It is probable that the 
production of-ammonia and the loss of nitrogen in this form from 
the composts in which the reagents were used, was due to a re-
• action occurring in the reagent. If some calcium sulfate or su-
perphosphate had been used in reagent No.1 the loss would 
probably have been very small. 
The Loss in W eight, in Total Carbon and in Pentosans, and 
the Gain in Nitrogen and Water-soluble Nitrogen 
After incubation for four months, the manures were dried, 
weighed and ground for analysis. The loss in dry weight was 
calculated, and the percentage of organic carbon was determined 
by the dry combustion method. The pentosan content, the total 
nitrogen content and the amount of watercsoluble nitrogen were 
determined by the methods used in the previous tests. The re-
sults of the analyses are given in table IV. 
The loss in dry weights in the composts amounted to 41.4, 47.7 
and 45.0 percent, respectively, for the check, the compost treated 
nate 
February 8 
February 9 
February 15 
February 17 
February 20 
February 23 
March 1 
March 14 
April 8 
M ay 31 
TABLE III. THE LOSS OF NITROGEN AS AMMONIA 
FROM ARTIFICIAL MANURES. 
Straw-compos ted Straw-Adco reagent Straw- reagent 
check mgm. N. mgm. N . No.1 mgm. N 
0 0 0 
0 0 0 
1.96 4 .06 4 . 06 
1.45 5 .00 39 . 70 
2 . 28 0 . 81 34.40 
-
- 23 .84 
3. 08 0.53 13.69 
1.47 0 .53 7.77 
0 .40 1.61 6 .30 
0 7 . 10 26 .00 
T otal 10 . 64 19 .64 155.76 
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TABLE IV. THE DECOMPOSITION OF OATS STRAW AS MEASURED BY 
THE LOSS IN WEIGHT AND THE COMPOSITION OF THE MANURE PRODUCED 
-
Percent- Percent- Per- Per- Per-
Compost age loss age total centage centage centage 
. No. dry carbon pento- total ni- watf'T-
weight Bans trogen soluble 
nitrogen 
---
---
0 Straw-uncomposted -- 34.30 19.27 1.00 -
1 Straw-composted (check) 41.40 19.60 7.45 1.66 0.85 
2 Straw-Adco reagent 47.70 17.12 
I 
5.20 2.18 1.52 
3 Straw-reagent no. 1 45.00 17.30 6.11 1.71 1. 49 
with Adco and the compost treated with reagent No. 1. The 
greatest loss occurred with the Adco treatment, but the loss 
with the reagent No.1 was greater than in the check. The car-
bon content of the composts was decreased very similarly. With 
both reagents there was a lower content of carbon than in the 
check, there being little difference between the two comp0sts. 
The pentosan content of the manures was 7.45, 5.20 and 6.11 
percent, respectively, for composts 1, 2 and 3. Both reagents in-
creased the decomposition of pentosans in the manure more than 
occurred in the straw composted alone. Reagent No.1 produced 
slightly less decomposition than the Adco reagent. 
The Adco manure contained the highest percentage of total 
nitrogen, 2.18 percent. The manure treated with reagent No.1 
was 10'wer in total nitrogen, due undoubtedly to the greater 
losses which occurred in that manure. It was slightly higher 
than the check. With both reagents there was more water-solu-
ble nitrogen present than in the check, but there was practically 
no difference between the two materials in their effect on this 
constituent. 
These results as a whole show that when the straw was com-
posted with Adco, the decomposition processes were retarded for 
about two weeks, but during the next two weeks increased con-
siderably. After this period the rate of decomposition was very 
much the same as in the straw composted alone and in the straw 
treated with reagent No. 1. With reagent No. 1 there was a 
slight increase over the check during the second period of two 
weeks, but the decomposition at the later dates proceeded about 
the same in all the cultures. The loss of nitrogen as ammonia 
was slightly greater when the Adco was used than in the straw 
comp"osted alone, but it was much less than in the compost in 
which reagent No.1 was employed. In the latter case there was 
a large loss of nitrogen. There was a slightly greater loss in dry 
weight in the compost treated with Adco and a smaller per-
centage of carbon and pentosans than in the manure treated with 
reagent No.1. The differences, however, were not very large. 
The compost treated with Adco was higher in total nitrogen and 
water-soluble nitrogen than the compost treated with reagent 
179 
No.1 at the end of the four months incubation. Both were higher 
in nitrogen and water-soluble nitrogen than the check. Evi-
dently with the Adco, rotting was more rapid than with reagent 
No.1, but even in the straw composted alone, there was consid-
erable decomposition. With the reagents, however, a material 
of more value and more nearly resembling farm manure may 
be produced. 
III. THE EFFECT OF AERATION ON THE DECOMPOSITION OJ<' 
OATS STRAW 
In order to produce a good artificial manure by the Adco pro-
cess, it is recommended that the compost heap be turned over 
once or twice to accelerate the decomposition. Some results 
which have been secured in field tests, however, have indicated 
that this operation may not be necessary. To obtain further in-
formation along this line, some greenhouse experiments were 
planned to study the effect of aeration on the decomposition of 
oats straw. 
Series I 
Two and one-half pounds of oats straw, ground to pass a one-
half-inch sieve were placed in 20-liter, wide-mouth bottles and 
treated as follows: 
No. I-Check 
No. 2-0.6 percent nitrogen as Adco 
No.3-Check, aerated for 4 hours, once a week at the rate of 5 
liters per hour 
No. 4-0.6 percent nitrogen as Adco and aerated for 4 hours, once 
a week at the rate of 5 liters per hour 
No.5-Check, aerated for 4 hours, twice a week at the rate of 
5 liters per hour 
No. 6-0.6 percent nitrogen as Adco and aerated for 4 hours, 
twice a week at the rate of 5 liters per hour 
The moisture content of all the composts was adjusted to 330 
percent, and composts 3, 4, 5 and 6 were connected in an aeration 
unit similar to that shown in fig. 1, except that the carbon diox-
ide was not determined. After incubation for four months in 
the greenhouse the manures were dried, weighed and ground for 
analysis. 
The degree of decomposition was determined by the Robinson-
Jones (15) method. The water-soluble organic matter was de-
termined by an adaptation of the Christensen (5) method. The 
total nitrogen content was determined by the Kjeldahl-Gunning 
method. The results of the analyses are given in table V. 
When the extent of decomposition was measured by the Robin-
son-J ones method, it appeared that the unaerated manures were 
more completely decomposed than the aerated. When Adco was 
uRed with the straw the decomposition was much greater than in 
the check, but when the compost receiving Adco was aerated for 
four hours once a week, there was less decomposition than in the 
Com-
post 
No. 
1 
2 
3 
4 
5 
6 
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TABLE V. THE EFFECT OF AERATION ON THE 
DECOMPOSITION OF OATS STRAW. 
Per- Water-
centage soluble 
decom- organic 
Treatment posed matter 
Robin- cc NI10 
Bon-Jones KMNO. 
method per gram 
---
Check 20 . 35 9 . 50 
0.6% N. as Adco 50.30 9.10 
Check-llerated, 5 1. per hr ., 4 hrs . once a week 13 .85 6 . 44 
0 .6% N. a8 Adco, aerated, 5 1. per hr., 4 hrs. once a week 15 .85 7.12 
Check-aerated, 5 1. per hr., 4 hrs. twice a week 18.35 7 . 31 
0.6% N. as Adco, aerated 5 1. per hr., 4 hrs. twice a week 19 . 25 10 . 36 
Per-
centage 
total N. 
---
1.11 
2.09 
1. 72 
0.82 
0.38 
0.72 
unaerated check. With aeration twice a week for four hours, 
there was greater decomposition both in the untreated straw and 
in the straw treated with Adco than in the corresponding com-
posts aerated once a week. In both cases, however, the decompo-
sition was less than in the unaerated composts. 
The amount of water-soluble organic matter, as measured by 
the permanganate method, varied somewhat irregularly. In the 
aerated composts, however, with one exception, there was less 
soluble organic matter than in the unaerated. The lowest con-
tent was found in the composts aerated once a week. These re-
sults corresponded with the lowest percentage of decomposition as 
shown by the Robinson-Jones method. Greater decomposition 
seemed to 'produce greater amounts of soluble organic matter. The 
result for compost No.6 is probably abnormal, but there is . some 
question regarding the reliability of the water-soluble method as 
a measure of soluble organic matter in this sort of a compost. 
Aeration once a week caused a reduction in the total nitrogen 
content of the compost treated with Adco, and aeration twice a 
week led to a still great6lr reduction. Evidently the aeration 
brought about a distinct loss of nitrogen in these composts. The 
nitrogen content of compost No.3 was probably abnormal, altho 
there may possibly have been some fixation of nitrogen here 
thru the chance introduction of nitrogen-fixing organisms. The 
aeration of the straw alone twice a week reduced the nitrogen 
content. 
These results seem to indicate that aeration is not only un-
necessary for the best decomposition of artificial manures, but it 
may actually be very undesirable by bringing about a decrease 
in the extent of decomposition and causing a considerable loss of 
nitrogen. 
Series II 
The effect of aeration of composts of straw without treatment 
and treated with Adco was studied in the greenhouse in another 
experiment, varying the aeration factor by different additions 
of water. Unground straw and straw ground to pass a one-half 
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inch sieve were used, 10 pounds being placed in large galvan-
ized cans and treated with water or with water and Adco as indi-
cated in table VI. Water was added at the rates of 1,000 gallons 
or 1,500 gallons per ton of straw. The treatments are shown in . 
detail in the table. 
Thermometers in water tubes were inserted in each manure, 
and daily readings were made. After four months incubation 
the manures were dried, weighe.d and ground for analysis. The 
loss in dry matter, the percentage decomposed, the content of 
water-soluble organic matter and the total nitrogen content were 
determined by the methods used in Series I. 
The results of the temperature determinations are shown in 
table VI, including the averages for the first six weeks by weekly 
periods, for the entire six weeks, for the period from the end of 
the six weeks period until the end of the four months period 
and for the entire four months period. 
The temperature was higher in all the composts than in the 
air in the greenhouse. A higher temperature was obtained in 
both the ground and unground straw composts with the lower 
moisture content, but the differences in some cases were not very 
large. The temperatures were higher in most of the composts at 
the beginning of the test and gradually decreased. The tempera-
tures rose and fell in the various composts with little or no rela-
tionship to the temperature of the greenhouse. The temperature 
was higher in the straw treated with Adco than in the untreated 
straw, ground or unground, when 1,000 gallons of water were 
used and in the ground straw with 1,500 gallons of water. In 
general, however, the temperatures did not correlate with the 
percentage decomposition. 
The loss in dry matter, the percentage decomposed, the amount 
of water-soluble organic matter and the nitrogen content are 
shown in table VII. 
The percentage loss in dry matter is roughly proportional to 
the amount of decomposition except in compost No. 1. 'With the 
smaller amount of water the loss in dry matter was greater in 
all cases and the decomposition was greater except in compost 
No. 1. The Adco had little or no effect on the loss of dry matter 
when 1,000 gallons of water were used but increased the loss in 
the un ground straw treated with 1,500 gallons of water. The 
loss was decreased by the Adco when 1,500 gallons of water were 
used on the ground straw. 
The percentage decomposition was greater with the Adco in 
all cases, except in the ground straw with 1,500 gallons of' water. 
The total nitrogen content was hi,gher in the composts treated 
with the smaller amounts of water, both in the untreated and 
Adco-treated manures and in the ground and unground straw. 
In all but one case the percentage of nitrogen was higher in the 
unground than in the ground straw for both amounts of water. 
TABLE VI. THE TEMPERATURES IN COMPOSTED OATS STRAW VARIOUSLY TREATED. 
A verage temperatures 
Compost ----
No. Treatment Oct. 9 Oct. 16 Oct. 23 Oct. 30 Nov. 6 Nov. 13 Oct. 9 
to to to to to to to 
Oct. 15 Oct. 22 Oct. 29 Nov .. 5 Nov. 12 Nov. 19 Nov. 19 
1 Ground + 1000 gal. water per ton 26. 1°C. 21.7°C. 18.1°C. 21.3°C. 21. 8°C. 20.5°C. 21. 6°C. 
I-A Unground + 1000 gal. water per ton 27.0 23.7 16.1 22.1 24.7 22.4 22.6 
2 Ground + 1000 gal. water per ton 
+0.6% N. as Adco 24.2 24.8 19.1 25.9 22.6 20.9 22.9 
2-A Unground + 1000 gal. water per ton 
+ 0.6% N. as Adco 26.3 29.0 21.9 23.1 25.4 22.7 24.7 
3 Ground + 1500 gal. water per ton 
+ 0.6% N. as Adco 24.3 26.3 19.5 . 29.6 20.3 19.0 23.1 
3-A Unground + 1500 gal. water per ton 
+ 0.6% N. as Adco 24.6 22.8 18.9 21.0 21. 9 20.3 21.5 
4 Ground + 1500 gal. water per ton 25.8 22.6 19.1 20.4 21.5 20.5 21.6 
4-A Unground + 1500 gal. water per ton 26.8 23.2 19.5 21.4 22.6 21.4 22.5 
Greenhouse air temperature -- 15.5 17.0 19.0 21. 7 17.4 18.1 
Nov. 19 
to 
Feb. 9 
20.2°C. 
21.5 
20.2 
20.4 
19.5 
20.0 
19.6 
20.5 
15.7 
Oct. 9 
to 
Feb. 9 
20.9°C. 
22.0 
21.5 
22.5 
21.3 
20.7 
20.6 
21. 5 
16.9 
~ 
00 
t-:) 
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'fABLE VII. THE EFFECT OF VARYING THE MOISTURE CONTENT ON THE 
DECOMPOSITION OF GROUND AND UNGROUND, TREATED AND 
UNTREATED OATS STRAW. 
Water-
Compost soluble 
No. Percent- Percent- organic Per-
Treatment age loss in age de- matter centage 
dry composed ee. N I I0 total N . 
matter KMNO. 
per gm. 
1 Ground + 1000 gal. water per ton 60.00 21.63 25.12 1.47 
I-A Unground + 1000 gal. water per ton 58.00 29.33 29.37 1.42 
-
Ground + 1000 gal. water per ton + 
0.6% N. as Adeo 60 . 00 33.70 21.50 2.11 
2-A Unground + 1000 gal. water per ton + 
0.6% N . as Adco 57.12 32.20 23.75 2.15 
3 Ground + 1500 gal. water per ton + 
0 .6% N. as Adco 44 .50 23.85 16. 87 1.82 
3-A Unground + 1500 gal. water per ton + 
0 . 6 % N. as Adeo 52.37 31. 55 20.12 2.04 
4 Ground + 1500 gal. water per ton 48.40 24 . 35 18 . 75 1.09 
4-A Unground + 1500 gal. water per ton 47.75 26.40 21.00 1.19 
The variations in water-soluble organic matter were similar to 
the variations in total nitrogen. 
These results, as a whole, indicate that a certain degree of aera-
tion is beneficial to the decomposition of artificial manures, but 
too much air checks the decomposition processes. 
IV. THE EFFECT OF INOCULATION ON THE DECOMPOSITION 
OF OATS STRAW 
Ordinarily the decomposition of straw proceeds rather slowly, 
and the use of any material which would serve as an inoculum 
and lead to more rapid decomposition would be very desirable. 
Obviously, to be practicable such an inoculating material must 
be easily obtainable and cheap, and it must have a definite stimu-
lating effect on the decay process. In the following experiment a 
test was made of the value of inoculating straw composts with 
soil infusions, with manure infusions and with a mixed culture 
of molds. 
Three hundred gram portions of dry oats straw, ground to 
pass a one-half inch sieve, were placed in four-liter Erlenmeyer 
flasks, moistened with water, treated and finally brought up to 
a moisture content of 300 percent. The treatments made are 
shown in table VIII. One culture was untreated and served as a 
check. One compost was treated with 0.6 percent of nitrogen in 
the form of Adco. Two composts, one of straw alone and one 
with Adco, were inoculated with horse manure, two similar com-
posts were inoculated with a mixed culture of molds, and two 
composts were inoculated with a soil infusion. The manure in-
fusion was prepared by shaking 10 grams of fresh, solid horse 
manure with 100 cc. of water and adding 10 cc. of this infusion 
to the composts. The soil infusion was made by shaking 10 
grams of soil with 100 cc. of water and inoculating with 10 cc. of 
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TABLE VIII. THE EFFECTS OF INOCULATION ON THE DECOMPOSITION 
OF TREATED AND UNTREATED OATS STRAW. 
Percent-
Per- age de-
Compost Treatment centage composed 
No. total ni- Robinson-
trogen Jones 
method 
1 Stra w alone-compoBted-check 1.78 38 .65 
2 Straw + 0 . 6% nitrol!en as Adco 2.38 48.00 
3 Straw inoculated with infusion of manure 1. 74 31.65 
4 Straw + 0.6% nitrogen as Adco. inoculated with infusion of 
manure 2.59 67.90 
5 Straw inoculated with mold culture 2 . 44 62.05 
6 Straw + 0.6% nitrogen aB Adco. inoculated with mold culture 2 .21 40.70 
7 Straw inoculated with soil infusion 1.75 37.20 
8 Straw + 0 . 6% nitrogen as Adco. inoculated with Boil infusion 2 .20 52 .20 
the infusion. The mold culture consisted of a mixed culture of 
several different molds, and 10 cc. were used for inoculation. 
The composts were incubated at 25 to 27 degrees C. for four 
months, and at the end of' the incubation period the manures 
were dried and ground for analysis. The percentage of total 
nitrogen and the degree of decomposition were determined by 
the same methods used in previous tests. The results 'are given 
in table VIII. 
The inoculation of the composts with the manure infusion or 
with the soil infusion had no effect on the nitrogen content of the 
straw alone. The compost of straw alone, however, showed a 
large increase in nitrogen when inoculated with the mold culture. 
'Then Adco was used in the compost, the manure infusion in-
creased the nitrogen content, but the soil infusion and the mold 
culture had no effect. 
The percentage of decomposition was greater in the compost 
of straw alone than where the straw was inoculated with infu-
sions of manure or soil. When inoculated with the mold culture, 
however, there was a large increase in the decomposition of the 
straw alone. In the straw-Adco compost, the manure infusion 
brought about a large increase in the decomposition, and the 
soil infusion also gave an increase. The mold culture, however; 
reduced the decomposition in this compost. 
From the results as a whole it appears that while an inf'usion 
of horse manure or a soil infusion may have little effect on the 
decomposition of straw composted alone, when Adco is used in 
the compost both manure and soil may considerably increase the 
decomposition, the manure having the larger influence. The 
mold culture increased the decomposition of the straw alone, but 
reduced the decomposition of the straw-Adco compost for some 
unknown reason. In general inoculation of composts for the pro-
duction of artificial manures seems quite desirable. 
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V. THE PRODUCTION OF ARTIFICIAL MANURES ON THE FARM 
The greenhouse and laboratory studies described above were 
supplemented with experiments conducted in the open under 
farm conditions during 1927-1928 and 1928-1929. An attempt 
was made to determine the most practical method of composting, 
to select the materials which may be used to the best advantage 
on the general farm, to determine the most efficient reagents and 
source of nitrogen and to estimate the proper amount of water 
which should be applied. 
The Prodtlction Experiment in 1927-1928 
The method of composting followed in 1927 consisted essen-
tially of treating one ton of straw or various mixtures of straw 
and sweet clover with the proper amounts of the different re-
agents according to the Adco process as follows: About one foot 
of straw was placed on the ground in ricks, 10 feet square. The 
straw was then wet down thoroly with water. About one-fiftb 
of the total amount of reagent to be applied per ton of straw 
was sprinkled uniformly over the surface of this layer. Another 
layer of straw was placed on the pile, wet down with water and · 
a similar amount of the reagent as used in the first case was 
sprinkled over the surface. This procedure was repeated until 
the entire ton of straw was utilized. It was found necessary to 
exercise great care in making the layers of straw to prevent the 
formation of ridges which soon dried out and permitted pockets 
of undecomposed straw to occur in the manure. One ton of straw 
treated in this way made a pile about five feet high in the ricks. 
Oats straw and mixtures of straw and sweet clover were treat-
ed as shown in table IX. The treatments were made on Aug. 1, 
1927, and water was applied every two or three days until Aug. 
28, when the composts were forked over, completely reworked, 
wet down and finally repacked in the ricks. At this time ther-
TABLE IX. THE TREATMENTS USED IN THE ARTIFICIAL MANURE 
EXPERIMENTS IN 1927-1928. 
Com-
pust Treatment 
No. 
I 2,000 pounds of oats .traw* 
2 2,000 pounds of oats straw + 0 .6 percent nit.rogen as Adco 
3 2,000 pounds of oats straw + 0.6 percent nitrogen as ammonium sulfate + 100 
pounds of finely ground limestone. 
4 1,600 pounds of oats straw + 400 pounds of green sweet clover 
5 1,200 pounds of oats straw + 800 pounds of green sweet clover 
6 1,600 pounds of oats straw + 400 pounds of green sweet clover + 0.6 percent nitro-
gen as ammonium sulfate + 100 pounds of finely ground limestone. 
7 1,600 pounds of oats straw + 400 pounds of green sweet clover + 0 . 6 percent nitro-
gen as Adco. . 
*The oats straw used in the test contained 0.89 percent nitrogen and the green sweet clover, 
2.28 percent nitrogen. 
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mometers suspended in long glass tubes . filled with water, were 
inserted in the center of each compost heap . Daily readings of 
the temperature of each compost were made until Sept. 6, then 
every other day until Oct. 9. The results recorded in table X 
show these daily readings from Aug. 29 to Sept. 6, the average 
temperature from Sept. 6 to Oct. 9 and the average temperature 
from the beginning of the test until Oct. 9. 
It was found in preliminary tests that the most active fermen-
tation occurred in a layer about three inches thick and about six 
inches below the surface of the compost. The thermometers were 
suspended in the water tubes so that the bulbs rested in the water 
approximately in the layer of most active fermentation. Prob-
ably a thermocouple laid horizontally in this layer would have 
given better results, but the data from the readings are at least 
indicative of'the extent of decomposition in t.he various composts. 
TABLE X . THE TEMPERATURES IN THE COMPOST HEAPS AT VARIOUS 
DATES. 1927. 
Degrees Centigrade 
Com- ----------------~-------
post Aug. Aug. Aug. Sept. Sept. Sept. Sept. Sept. Sept . Average Average 
No. 29 30 31 1 2 3 4 5 6 Sep t. 6 Aug. 29 
to Oct . 9 to Oct. 9 
- - ------
--
--
----
--
I 32 31 32 44 41 37 42 45 43 42 40 .2 
2 48 47 48 48 48 46 46 48 48 41 44.2 
3 41 50 52 52 51 50 48 47 48 40 44 . 3 
4 22 50 53 - - 40 35 30 36 35 36 . 5 
5 61 62 59 56 42 45 56 54 5:\ 41 47 . 6 
6 40 52 56 45 42 65 56 49 50 4.5 47 .7 
7 26 62 62 66 51 62 65 64 64 46 51. 7 
Active fermentation began in the composts immediately after 
the water was applied, and undoubtedly the highest temperatures 
were reached before the thermometers were put in place. The fig-
ures given in the table indicate that this is true. The average 
daily temperatures for the period were the highest in compost 
No.7, the oats straw-sweet clover-Adco mixture, indicating a 
rapid and thoro decomposition. Compost No.5, the 1,200 pounas 
of straw and 800 pounds of sweet clover mixture, stood third in 
temperature. Compost No.6, in which straw and sweet clover 
were treated with ammonium sulfate and calcium carbonate, was 
second. Compost No.4, consisting of straw and sweet clover in 
the proportion of one to four, was the lowest in average tem-
perature, being, in fact, slightly lower than the check. 
The ricks were taken down on March 14, 1928, and a large com-
posite sample of the well-decomposed manure was taken from 
each compost for analysis. The total nitrogen content was de-
termined. The results are presented in table XI. A small l'ep-
resentative sample of each manure was air-dried in the labora-
tory and photographs were made These are shown for some of 
the composts in figs. 2, 3 and 4. 
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Fig. 2. Artificial manures produced in the open 1927-1928; straw + Adco (left); 
straw + sweet clove,· + Adco (right). 
The Adco manure, (left) in fig. 2, was apparently the most 
completely decomposed. It consisted of a dark brown material, 
containing only a small amount of straw which could be recog-
nized as such. This manure, however, contained the smallest 
amount of nitrogen, as shown in table XI. The straw-sweet 
clover-Adco manure, (right) in fig. 2, was somewhat less com-
pletely decomposed than the Adco manure, but it contained the 
largest amount of total nitrogen. The average daily tempera-
ture from Aug. 29 to Oct. 9 was the highest in this compost. The 
nitrogen content of the straw was relatively high, but only a 
small amount of the straw was decomposed. The appearance of 
this manure is shown in fig. 4. Decomposition was good in the . 
manures in which ammonium sulfate was employed with cal-
cium carbonate, and the straw alone with this treatment showed 
a much higher content of nitrogen than the straw-sweet clover 
compost with the same treatment. The decomposition in these 
two composts is shown in fig. 3. 
The Production Experiments in 1928-1929 
Corn stalks, ground to pass a one-inch screen, were placed in 
ricks on March 22, 1928. One thousand pounds of the stalks were 
TABLE XI. THE NITROGEN CONTENT OF ARTIFICIAL MANURE 
PRODUCED IN THE OPEN 1927-1928. 
Compost 
No. 
1 
2 
3 
4 
5 
6 
7 
Treatment 
Straw 
Straw + Adco 
Straw + (NH.),SO. + CaCO. 
Straw + sweet clover, 4-1 
Straw + sweet clover t 3-2 
Straw + sweet clover, 4-1 + (NH.hSO. + CaCO, 
Straw + sweet clover, 4-1 + Adco 
Percentage 
total nitrogen 
2.24 
1.69 
2.60 
2.46 
2.39 
2.68 
2.95 
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Fig. 3. Artificial manures produced in the open 1927-1928 ; straw + ammonium 
sulfate + limestone (left) ; straw and sweet clover + ammonium sulfate + lime-
stone (right) . 
treated with reagent No.2 which consisted of 45 percent of am-
monium sulfate, 15 percent of superphosphate (16 % P20J and 
40 percent of finely ground limestone. Another 1,000 pounds of 
corn stalks were treated with 100 pounds of cottonseed meal. A 
recording thermometer was placed in the ammonium sulfate-
mixture-treated compost. The daily temperatures from March 
22 to March 26, from April 2 to April 8 and the temperature on 
May 8 were taken and are given in table XII. 
The figures in the table show that the maximum temperature 
was soon reached in the compost and this temperature was main-
tained for some time. The cottonseed meal-treated compost 
reached a temperature of 65 degrees C. and remained at this tem-
perature for over two weeks. 
Fig 4. Artificial manure produced 
the open, 1927-19 28 ; straw manure. 
The composts were moved 
on May 8, 1928, the incuba-
tion period being slightly un-
der seven weeks. The mate-
rials were not thoroly decom-
posed, but fermentation had 
evidently been active. The 
ammonium sulfate-mixture-
treated compost contained 
1.73 percent total nitrogen at 
this time and the cottonseed 
meal-treated compost, 1.48 
percent. 
Two additional series of 
composts were made in 1928. 
in In series I the same general 
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~TABLE XII. AVERAGE TEMPERATURE OF COMPOST OF CORN STALKS + 
THE MIXTURE OF AMMONIUM SULFATE, SUPERPHOSPHATE AND LIMESTONE! 
Date Degrees Centigrade 
March 22 
March 23 
March 24 
March 25 
March 26 
April 2 
April 3 
April 4 
April 5 
April 6 
April 7 
April 8 
May 8 
14.7 
12.5 
14.4 
19.0 
21.6 
39.4 
39.4 
40.5 
37.3 
36.4 
36.4 
37.2 
32.2 
method of composting followed in 1927 was employed, the 
treatments being made by hand. The Adco reagent was 
compared with two mixtures of ammonium sulfate. Re-
agent No.1 consisted of 45 percent of ammonium sulfate, 23 
percent of finely ground rock phosphate and 32 percent of finely 
ground limestone. Reagent No.2 consisted of 45 percent of am-
monium sulfate, 15 percent of superphosphate (16% P205) and 
40 percent of finely ground limestone. Composts 1, 2, 3 and 4 re-
ceived 400 gallons of water each when put down, and no more 
water was applied, except as supplied in the rainfalL Composts 
5, 6, 7, 8 and 9 each received 800 gallons of water during the 
first month of composting. Three weeks after these composts 
were made, they were thrown out of the ricks, completely re-
worked, thrown back, wet down and packed. The outline of the 
treatments is shown in table XIII. 
In Series II the reagents were mixed with the straw by means 
of a mechanical mixer attached to the thresher. This mixer was 
similar to the one used by Albrecht (1), the straw being blown 
directly into the ricks from the thresher. No water was applied 
TABLE XIII. OUTLINE OF TREATMENTS IN MAKING ARTIFICIAL 
MANURES. 1928-1929. 
Com-
post Treatment 
No. 
Serles I 
1 2,000 lbs. oat. straw + 400 gal. water + rainfall 
2 2,000 lbo. oats otraw + 400 gal. water + rainfall + 150 lb •. Adco reagent 
3 2,000 lbo. oat. straw + 400 gal. water + rainfall + 150 lb •. No.1 reagent 
4 2,000 lbo. oat. otraw + 400 gal. water + rainfall + 150 lb •. No.2 reagent 
5 2,000 lbo. oats straw + 800 gal. water + rainfall 
6 2,000 lbo. oats straw + 800 gal. water + rainfall + 150 lbo. Adco reagent 
7 2,OOOlbs. oats straw + 800 gal. water + rainfall + 150 lbs. No. 1 reagent 
8 2,OOOlbs. oat. straw + 800 gal. water + rainfall + 150 lbs. No.2 reagent 
9 1,500 lbs. corn stalks + 600 gal. water + rainfall + 112 lbs. Adco reagent 
Serles II 
1 2,OOOlbs. oats straw + rainfall 
2 2,000 lb • . oats straw + rainfall + 150 lbs. Adco reagent 
3 2,000 lb •. oats straw + rainfall + 150 lb •. No. 1 reagent 
4 2,000 lbs. oats straw + rainfall + 150 lbs. No. 2 reagent 
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TABLE XIV. AMOUNT OF WATER SUPPLIED IN THE RAINFALL TO THE 
COMPOSTS MADE IN 1928-1929. 
Date 
August 6 
August 23 
August 27 
August 28 
September 2 
September 12 
September 14 
September 21 
October 12 
October 16 
October 17 
October 21 
Ootober 26 
November 1 
November 2 
Total 
Gallons of water per ton of s traw 
31 
80 I 
273 
10 
90 
41 
170 
27 
47 
27 
179 
20 
10 
64 
100 
1169 
to these composts at the time they were put down, the rainfall 
supplying all the water they received. The number of gallons 
of water per ton of straw supplied in the rainfall from Aug. 6, 
1928, when the composts were made, until Nov. 2, 1928, is given 
in table XIV. 
The table shows that a total of 1,169 gallons of water per ton 
of compost was supplied and that two-thirds of this amount 
came at the four periods, Aug. 27, Sept. 14, Oct. 17 and Nov. 
1 to 2. 
The temperature of the composts in Series I was determined 
at four intervals from Aug. 11 to Sept. 8. The results secured 
are given in table XV. The average temperatures of the differ-
ent composts for this period show that higher temperatures were 
obtained with the smaller amounts of water. The treated com-
posts were higher than the untreated, except in the case of com-
post No.8. The differences between the various treatments were 
small. 
The ricks were taken down on April 23, 1929, and the amount 
of well-decomposed manure in each compost weighed. A large 
composite of 100 pounds was taken from each compost, air-dried 
at a temperature of 136 degrees F. for about eight weeks and 
TABLE XV. TEMPERATURE OF COMPOSTS MADE IN 1928-1929. SERIES I 
D egrees Centigrade 
-----------
---
--- - - -
D a te Com- Com- Com- Com- Com- Com- Com- Com- Com-
post post post post post post post post post 
No. 1 No. 2 No.3 No. 4 No.5 No.6 No. 7 No. 8 N o. 9 
---------- --- - --- - - - ----
Aug. 11 - 57 . 7 60 . 0 58 .8 - 55 . 0 58 .2 - -
Aug. 18 - 52.7 48.8 50.5 40 . 0 41.6 42 .2 38 .8 -
Aug. 30 44.4 44 . 4 43.8 43.3 38.3 32 . 7 35 . 0 38.3 58 . 8 
Sept. 8 38 . 8 39 . 4 40.0 43 .8 35.5 40 . 0 40 . 0 32. 7 46.4 
Average 41.6 48 . 5 48 . 0 49 . 1 37 . 9 42 . 3 43. 8 36 . 6 52 . 6 
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Fig. 5 Artificial farm manure produced in the open, 1928-19 29; (top) straw 
treated in ricks-Aug. 8, 1928; (middle) straw in ricks, treated with 400 gallons of 
water per ton, p lus rainfall- April 23, 1929; (bottom) straw in ricks, rainfall only-
April 23, 1929. 
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the moisture content determined. The amount of manure pro-
duced from each compost is shown in table XVI. 
In the composts that received no water except that supplied 
in the rainfall, the decomposition was not sufficient to produce a 
good grade of manure. The amount of rainfall during the late 
summer of 1928 was not sufficient to make the composts wet 
enough to permit of the thoro decomposition of the straw. The 
precipitation during this period, however, was well above the 
average for the state as a whole. The results of the composting 
with and without the addition of water are shown in fig. 5. 
More well-decomposed manure was produced from the straw 
treated with reagent No.1 than from that treated with the Adco 
reagent, or reagent No.2, when 400 gallons of' water were sup-
plied per ton of straw. With the reagent No.1, one and one-half 
tons of manure (80% moisture) were produced per ton of dry 
straw. This was the largest amount of well-decomposed manure 
produced from any of the composts. When 800 gallons of water 
were applied per ton of straw, and the compost was reworked, 
the greatest amount of well-decomposed manure was produced 
from the straw treated with Adco. The amount secured was one 
and one-third tons of manure (80% moisture) per ton of dry 
straw. From the compost made from corn stalks treated with 
Adco and receiving 600 gallons of water per 1,500 pounds of 
stalks, 2,358 pounds of well-decomposed manure (80% moisture) 
were produced per 1,500 pounds of air-dry stalks. 
The dried samples on which moisture determinations had been 
made were passed thru the hammer mill and ground to pass the 
100-mesh sieve. The total nitrogen, water-soluble nitrogen, 
pentosans, the percentage of water-soluble organic matter, the 
percentage of decomposed material and the soluble organic matter 
by the permanganate method were determined on the dried sam-
ples. The methods followed in the previous tests were employed, 
except for the water-soluble organic matter which was deter-
mined as follows: One gram of dry manure was refluxed in a 500 
cc. Erlenmeyer flask for two hours, filtered on a prepared Gooch, 
TABLE XVI. AMOUNT OF ARTIFICIAL FARM MANURE PRODUCED 
FROM OATS STRAW AND CORN STALKS-SERIES I. 
Compost 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9* 
Lbs. dry manure 
115 
493 
632 
575 
250 
535 
505 
420 
472 
,'.' 
*N o. 9. 1500 lbs. of corn stalks composted . 
Lbs. manure produced per ton of strawT"'~ 
(80% moisture) 
575 
2465 
3160 
2875 
1250 
2675 
2525 
2100 
2950 
193 
dried over night at 105 degrees C. and weighed. The difference 
gave the total water-soluble material, and subtraction of the 
amount of water-soluble ash gave the water-soluble organic mat-
ter. The results of these and similar analyses made on farm 
manure produced in the open are given in table XVII. 
With the addition of 400 gallons of water per ton of straw, the 
compost treated with Adco contained the largest percentage of 
total nitrogen. When reagent N~. 2 was used, the content of 
nitrogen was slightly lower. With reagent No.1 the compost 
contained less total nitrogen than the straw alone. When 800 
gallons of water were applied per ton of straw, the compost 
treated with reagent No.2 contained the highest percentage of 
total nitrogen, the straw alone was second, the Adco manure 
third, and again the manure made from straw and reagent No. 
2 was the lowest in total nitrogen. However, the manure con-
tained slightly more total nitrogen than the same mixture receiv-
ing the smaller amount of water. The manure produced from 
corn stalks treated with Adco was second highest in total nitro-
gen content. The farm manure produced in the open lot con-
tained less total nitrogen than any of the artificial manures. 
Appreciable amounts of water-soluble nitrogen were found in 
the straw manure and the Adco-corn stalk manure. The artificial 
manures No.3, 4 and 8 and the farm manure contained much 
smaller amounts of water-soluble nitrogen. The Adco manure 
Com-
post 
No. 
---
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE XVII. ANALYSES OF ARTIFICIAL MANURES PRODUCED 
IN THE OPEN-1928-1929. 
Per- ce. N/10 
Per- Per- Per- centage Per- KMNO. 
Treatment centage centage centage soluble centage per gm. 
total N. water- pen to- organic deeom- soluble 
solubleN. sans matter posed organic 
in water matter 
---------------
2,000 lbs. straw + 400 gal. 1.57 0.95 11.72 6.30 15 . 6 16 . 32 . 
wa ter + rai nf all 
2,000 lbs. straw + 400 gal. 
water + rainfall +Adeo 2.06 0 . 18 7.16 7.54 20 . 5 17 . 45 
2,000 lbs. straw +400 gal. 
water + rainfall + rea-
gent No.1 1.52 0 . 25 10.10 2 .65 23 .9 16 .00 
2,000 lbs. straw + 400 gal. 
water + rainfall + rea-
gent No. 2 2 .02 0.39 6.95 10 .25 29 . 8 14.95 
2,000 lbs . • traw + 800 gal. 
water + rainfall 2.02 0.75 10 . 88 6.55 23.4 16.10 
2,000 lbs. straw + 800 gal. 
water + rainfall + Adeo 1.91 0 . 18 7 . 81 5 .75 42 . 5 19 . 47 
2,000 lbs. straw + 800 gal. 
water + rainfall + rea-
gent No. 1 1.55 0 . 17 9 .04 2.06 35 .2 13 . 08 
2,000 lb • . straw + 800 gal. 
water + rainfall + rea-
gent No.2 2.10 0 .39 9 . 46 6 . 15 21.9 35 . 30 
1,500 lb • . corn stalks + 
600 gal. water + rainfall 
+ Adeo 2 .07 0 .75 8.95 11.49 37.2 15.25 
Farm manure 1.41 0 .39 8.37 8 .60 49.9 20.77 
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and manure No.7 contained the smallest amounts of this con-
stituent. The results suggest a possible relationship between the 
amount of water-soluble nitrogen in these manures and the extent 
of decomposition. The more completely decomposed manures 
seemed to contain smaller amounts of water-soluble nitrogen. 
The percentage of water-soluble organic matter in the different 
manures was rather constant. The amount of soluble organic 
matter measured by the permanganate method was slightly 
higher, but the results were quite similar for the various ma-
nures, except No.8 . 
. Probably the best measure of the decomposition in the manures 
was the pentosan content. The straw manure contained the larg-
est percentage of pentosans and was undoubtedly the least de-
composed of all the manures. The Adco manure contained, on 
the average, less pentosans and was quite evidently much more 
decomposed. The other artificial manures and the farm manure 
contained about the same amount of pentosans, but they were 
all lower in these compounds than the Adco manure. 
( 1) 
( 2) 
( 3) 
( 4) 
( 5) 
( 6) 
( 7) 
( 8) 
( 9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
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